Tissue- and isoform-specific kinetic behavior of the Na,K-ATPase.
The objective of this study has been to delineate the side-specific effects of Na+ and K+ on the transport kinetics of tissue-specific Na/K pumps. Two experimental systems have been used. In one, Na/K pumps of exogenous microsomal membrane sources (rat axolemma, kidney) were delivered by membrane fusion into dog erythrocytes, and in the other, the three isoforms of the catalytic subunit of the rat enzyme were individually transfected into HeLa cells as in previous studies (Jewell, E.A., and Lingrel, J. B (1991) J. Biol. Chem. 266, 16925-16930), with the alpha 2 and alpha 3 isoforms rendered relatively resistant to ouabain by site-directed mutagenesis. Whereas the kidney microsomes comprise the alpha 1 catalytic isoform, the axolemma microsomes were predominantly alpha 3 (approximately 60%) with lesser amounts of alpha 2 (approximately 25%) and alpha 1 (approximately 15%) as measured by the ouabain-sensitive profile of phosphoenzyme as well as by immunoblotting with isoform-specific antibodies using membranes of known specific activity as standards (alpha 1 of kidney, alpha 1 and alpha 2 of muscle). Both systems were analyzed with respect to the effects of varying concentrations of cytoplasmic Na+ and extracellular K+ on pump-mediated 86Rb+(K+) influx. With the individual isoform-transfected HeLa cells and monensin added to vary and control the intracellular Na+ concentration, differences in apparent affinities of the alpha 3 isoform compared with the alpha 1 and alpha 2 isoforms were observed, i.e. a approximately 3-fold higher affinity for extracellular K+ and approximately 4-fold lower affinity for cytoplasmic Na+. Thus, in the presence of 10 mM extracellular Na+, apparent K0.5 values for extracellular K+ activation of K+(Rb+) influxes were 0.22 +/- 0.02 mM for alpha 1, 0.20 +/- 0.02 mM for alpha 2, and 0.09 +/- 0.01 mM for alpha 3. At high intracellular K+ (> or = 100 mM) and saturating extracellular K+ concentrations, apparent K0.5 values for cytoplasmic Na+ activation were 17.6 +/- 1.1 mM for alpha 1, 19.7 +/- 1.0 mM for alpha 2, and 63.5 +/- 9.1 mM for alpha 3. The functional differences observed with the individual isoform-transfected cells were completely consistent with the kinetic differences observed with the axolemma and kidney pumps fused into erythrocytes. Axolemma pumps had a approximately 3-fold lower K0.5 for extracellular K+ and a approximately 2-fold higher K0.5 for cytoplasmic Na+.(ABSTRACT TRUNCATED AT 400 WORDS)